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Design and Evaluation of Processes for Fuel Fabrication 
 
 
Summary 
 
The ninth quarter of the project covered the following:  
• Mr. Richard Silva continued the development of a simulation model with a 
Waelischmiller hot cell robot. Rich will continue to develop detailed 3-D process 
simulation models as his M.Sc. thesis project. Rich is employed with Bechtel at the 
Yucca Mountain project.  
• A paper on hot cell robotics was presented at the ANS Winter Annual Meeting and 
published in the ANS 2003 conference proceedings. 
• Further advances on Concepts and Methods for Vision-Based Hot Cell Supervision and 
control, focusing on rule-based object recognition (Ph.D. Student Jae-Kyu Lee) 
• Graduate student Jamil Renno created simulations of more complex fuel manufacturing 
and fuel pin assembly scenarios (pellet pick and place operations, loading pellets onto 
tray for sintering, robotic insertion of pellets into cladding tubes) using hot cell robots. 
Besides the correct insertion process, several accident scenarios were simulated. 
 
Expand simulations to other processes, such as pellet press: pellet unloading, loading/unloading 
of pellet trays from sintering oven, grinding, dimensional inspection. 
 
 
Part I    Hot Cell Manipulator Simulation 
  
 During the present 
reporting period, the 
simulation model for the 
fuel manufacturing process  
was improved further by 
graduate student Jamil 
Renno. Matlab controls the 
spatial robot model, 
comprising a geometric 
model as well as the robot 
dynamics. Thus a realistic 
simulation of the forces 
and torques present during 
robot motion is being 
generated.  Jamil 
Figure 1  Fuel Manufacturing Simulation: Pellet Pick and Place: 
Loading Pellets onto Tray for Sintering. 
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developed a simulation for pellet placement from a bin, and for inserting a row of pellets into a 
fuel rod. Fig. 1 illustrates the placement of a pellet for insertion. A 3-D simulation model of a 
partial hot cell manufacturing plant consisting of pellet press, sintering oven, inspection station, 
and cladding tube filling station was created, see also Fig. 2. Figures 3 through 7 illustrate 
various stages of the manufacturing process. Several accident scenarios associated with pellet 
placement and insertion were explored and analyzed. Fig. 8 presents an example of  failed pellet 
insertion into the cladding tube. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 Robot Simulation: Hot Cell Manufacturing Plant Consisting Of 
Pellet Press, Sintering Oven, Inspection Station, And Cladding Tube 
Filling Station. 
Figure 3   Pellet Tray moving through the Sintering Oven 
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Figure 4 Robot Simulation: Visual Pellet Inspection 
Figure 5   Preparing for Pellet Insertion into Cladding Tube 
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Figure 7  – Completed Pellet Insertion 
Figure 6  – Robot Pushing Pellets  into Cladding Tube 
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Figures 1 through 8 were excerpted from animations generated by the simulation software. The 
animations were presented in the form of AVI-movies at the ANS meeting in November 2003 in 
New Orleans. 
 
Simulation Work Plan for December 2003 through February 2004 
Parametric analysis of manufacturing simulations. 
The loading, unloading, and insertion processes required for powder fuel manufacturing will be 
simulated and analyzed with regard to  time requirements, throughput, robot dynamics, and 
accident scenarios and recovery from accidents.  pellet press: pellet unloading, loading/unloading 
of pellet trays from sintering oven, grinding, dimensional inspection. 
A visit to ANL West in Idaho Falls is planned for December 17 and 18 to present results and 
discuss future directions with Dr. Mitchell Meyer and other ANL scientists. 
 
Figure 8  Pellets Buckling due to Excessive Pushing Force from the Robot 
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Part II Object Recognition 
 
Mr. Jae-Kyu Lee continued his work on recognition using a knowledge-based system. Mr. Lee 
completed the defense of his thesis in November 2003. A copy of the final Ph.D. document is 
transmitted separately. 
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Faculty and Student update 
Reporting Period:  September 1, 2003 through November 30, 2003 
 
1. Name: Mr. Jae-Kyu Lee 
 
Department: Mechanical Engineering 
 
Degree Plan: (BS, MS, PhD): PhD 
 
Thesis/Research Topic: Concepts and Methods for Vision-Based Hot Cell Supervision and 
Control. 
Defense of thesis was completed in November of 2003. 
 
2. Name: Mr. Jamil Renno 
 
Department: Mechanical Engineering 
 
Degree Plan: (BS, MS, PhD): MS 
 
Thesis/Research Topic: Hot Cell Manufacturing Processes 
 
Note: Jamil graduated in May 2003 with a BS degree in Mechanical Engineering. He continued 
his work from the summer during the fall of 2003.  
